Several substances structurally related to benzimidazole occur naturally in biological systems. A Several workers have indicated that benzimidazole is an antagonist of purine compounds. Woolley (5) noted that benzimidazole inhibited the growth of several yeasts and bacteria and observed that the inhibi-tion could be completely removed by aminopurines. Klotz and Mellody (3) reported that yeast nucleic acid caused a reversal of the inhibitory effect of benzimidazole on the growth of the bacterium, Escherichia coli. Gillespie et al (2) demonstrated that 4-methoxy-6-methylbenzimidazole was an effective growth inhibitor of Tetrahymena gelii, a guanine-requiring protozoan, and also of developing embryos of the frog, Rana pipiens. By using peas as the test plant, Galston et al (1) found that benzimidazole was a metabolic antagonist of adenine and caused an inhibition of cell elongation. Recently Rebstock et al (4) demonstrated that several acid analogs of 2-mercaptobenzimidazole inhibited the growth of Cranberry bean plants and root formation of cucumber seeds.
In the present investigation the effect of chemical structure of a number of derivatives of 2-mercaptobenzimidazole on the growth inhibition of Cranberry bean plants and root development in cucumber seedlings was studied. Different chemical groups were substituted in the benzene ring of the benzimidazole nucleus and in the side chain. These compounds were synthesized in this laboratory and their preparation will be reported elsewhere.
MATERIALS AND METHODS Two methods of biological assay were employed for the evaluation of the inhibitory effects of the benzimidazole compounds upon the growth of plants. 
REBSTOCK ET AL-GROWTH INHIBITION RESULTS AND DISCUSSION
When the bean leaf biological test was employed, the first effects of the compounds were clearly visible the day following the treatments. The leaves of the treated plants were curled and wrinkled and had acquired a deeper green color than those of the control plants. After two to three days the treated leaves of some of the plants became chlorotic. The appearance of typical plants five days after treatment with several of the compounds is illustrated in figure 1 . The control plants are at the right of each row and are of the same age as the treated ones and grown under identical greenhouse conditions. The plants in each of the other pots were treated with a different derivative.
The figure clearly demonstrates that the response of the plants to each of the substances was not the same and that the compounds which caused the greatest inhibition of growth were the halogen substituted chemicals with the 5-chloro-analogs being the most effective.
Variations in the structure of the benzimidazoles had considerable influence on the inhibitory activity on bean plants. The ,8-propionic acids were slightly better inhibitors than the corresponding acetic acid derivatives, whereas the a-propionic acids were the poorest. As a rule, the acetic and 8-propionic acid derivatives of the most active compounds caused a more pronounced chlorosis than did the a-propionic acid compounds. The nature of the substituents in the aromatic nucleus affected the inhibitory activity of the 2-mercaptobenzimidazole analogs more than did the variations in the acid side chains. A chlorine or a bromine atom in the 5-position of the benzimidazole nucleus considerably increased the inhibitory action with a chlorine atom slightly more effective than a bromine atom. The substitution of a second chlorine atom in the 6-position yielded a compound which was a better inhibitor than the unsubstituted compound, but not quite as effective as the 5-monochlorobenzimidazole. Substitution of chlorine atoms in positions 4 and 6 reduced the inhibition to about that of the unsubstituted compound, namely (2-benzimidazolylthio)acetic acid. Three chlorines substituted in positions 4, 5, and 6 almost completely eliminated the inhibitory activity of the benzimidazole compound.
Nitro-, phenyl-, methyl-, and methoxyl-groups appreciably decreased the inhibitory action and the substitution of two methyl groups in either the 5 and 6
or the 4 and 6-positions almost completely destroyed the biological activity of these compounds. The inhibition of new leaf and stem growth was also used as a qualitative index to evaluate the growth activity of each compound as compared to control plants (table I) .
Generally, the compounds which caused the most inhibition of growth of bean plants also caused the greatest inhibition of root formation of cucumber seeds. The radicles which did emerge from the treated seeds were almost devoid of root hairs, whereas the radicles from the control seeds had numerous root hairs. In almost all instances, the degree of inhibition was greater when the seeds were treated with a 0.005 M solution than it was with a 0.0005 M solution. However, with a few exceptions, the tenfold dilution of the test solution did not reduce the inhibitory activity of the a-propionic acid derivatives as greatly as it did the acetic acid compounds. Although, at the greater concentration the acetic acid derivatives were usually better inhibitors than the corresponding a-propionic acid compound, the /3-propionic acid derivatives were slightly more inhibitory than the derivatives of the other acids. As was observed with the bean leaf test, the substitution of a halogen in the benzene nucleus of the benzimidazole resulted in an increase in inhibitory activity. The 5-chloro-and 5-bromo-compounds caused about the same degree of inhibition when tested at a 0.005 M concentration, but at the higher dilution, the 5-chloro-compounds were slightly more inhibitory. The 5,6-dichlorobenzimidazoles were almost as effective as the corresponding monohalogen compounds, whereas the 4,6-dichloro-derivative was less effective and caused about the same effect as did the acetic acid derivative of 4,5,6-trichloro-2-mercaptobenzimiiidazole.
The methyl substituted compounds markedly inhibited root formation at a concentration of 0.005 M but at the more dilute concentration the inhibition was almost negligible. In some cases, root formation may have been stimulated as was evident by the appearance of numerous secondary root hairs.
The 5-nitro-, 5-phenyl-, and 5-methoxyl-compounds inhibited the growth of the bean leaf to a slight degree but a different response was noted in the cucumber root test. The methoxyl-and nitro-compounds were among the least effective of the inhibitors tested, but the 5-phenyl-derivatives caused an appreciable inhibition at a concentration of 0.005 M and still some inhibition at a concentration of 0.0005 M. The results of the cucumber test are summarized in table II. SUMMARY 1. A study was made of the effect of chemical structure of a number of acid analogs of 2-mercaptobenzimidazole on growth inhibition of Cranberry bean plants and root development in cucumber seedlings.
2. Variations in the structure of the benzimidazoles greatly influenced the growth inhibition. The 18-propionic acids were slightly more inhibitory than the corresponding acetic acid derivatives whereas the a-propionic acids were usually less active.
3. A chlorine or a bromine atom in the 5-position of the benzimidazole nucleus greatly enhanced the inhibition with a chlorine atom slightly more effective than a bromine atom. The 5,6-dichloro-derivative was almost as effective as the 5-monochlorobenzimidazole derivative and the 4,6-dichloro-compound was of the same order of magnitude as the unsubstituted parent compound, (2-benzimidazolylthio)acetic acid. Three chlorine atoms in positions 4, 5 and 6 almost completely removed the growth inhibition of the benzimidazole compound. 4 . Nitro-, phenyl-, methyl-, and methoxyl-groups greatly decreased the inhibitory activity and the substitution of two methyl groups in either the 5 and 6 or the 4 and 6 positions almost completely destroyed the ability of these compounds to inhibit the growth of the test plants.
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